Clinics in Orthopedic Surgery
to maximize adherence to the rehabilitation protocols. [13] [14] [15] [16] [17] Since the treatment for a hip fracture is associated with significant rates of mortality and morbidity, optimizing medical care is important. Developing multidisciplinary care pathways for older patients with hip fractures could reduce the high burden on the medical and social system. 16) This study was based on the hypothesis that a comprehensive care pathway for elderly patients with hip fracture to improve the quality of care has the additional benefit of shortened length of hospital stay. The study compared a cohort of hip fractures patients treated using the managed care model to a cohort of similar patients who did not undergo this pathway. The research team evaluated and compared the measured outcomes before and after the establishment of the critical care pathway, including length of stay (LOS), mortality, major and minor complications, reoperation rate, readmission rate, ambulatory status, and living status.
METHODS

Study Population
In this prospective study, 102 patients (50 females and 52 males) between 63 and 93 years of age (average age of 79 years) were recruited during a 12-month period from Charter Community Hospital, a large Health Maintenance Organization in Los Angeles. They were treated according to a proposed specific treatment protocol shown in Appendix 1 and described below. The measured outcomes after the establishment of the critical care pathway were compared with the outcome data related to an equivalent population of elderly patients with hip fractures who were treated without the protocol during two equivalent 12-month period (2 years [period A] and 3 years [period B] prior to implementation of the managed care system). The patients and/or their families were informed that data from the case would be submitted for publication, and gave their consent. In addition, approval was given by the Charter Community Hospital Institutional Review Board and consent was obtained from each patient.
Protocol and Postoperative Care
The patients were treated according to a proposed specific treatment protocol for hip fracture in elderly patients (Appendix 1). This protocol is a written critical pathway that includes a daily schedule for patient care with input concerning physician care, physical therapy, nursing care, dietary care, social work, and discharge planning. Additionally, a rehabilitation program was initiated by the orthopedic surgeon, often within a day after surgery, with mobilization out of bed to a chair and progression to ambulation training. The main aim of the rehabilitation program was to prevent complications caused by bed rest and to retain the level of activity strength that patients had before the fracture. As long as the orthopedic surgeon clinically determined that patients could comfortably bear full weight on the injured leg, ambulation (walking) and exercises were started. Additionally, during the 1 to 2 months after discharge, patients were trained and supervised by a physical therapy team to do daily muscle strengthening exercises. Also, postoperative pain was clinically managed by the surgeon with systemic opioids, paracetamol and nonsteroidal anti-inflammatory drugs as well as local anesthetic blocks. Patients were educated by a trained nurse on nutrition supplements and fall prevention.
Study Variables
The patients were prospectively evaluated within 12 months after being admitted to the Charter Community Hospital for treatment of a hip fracture. Information concerning patient age, gender, type of fracture, type of treatment, pre-and postoperative ambulatory status, and pre-and postoperative living arrangements were recorded. These records were made by the participating orthopedic surgeons on a questionnaire, broken down into in different time intervals including time of admission within 24, 40, 72 hours postoperatively and the day of this discharge (Appendix 2). Information from the questionnaires was computerized for retrieval of appropriate information.
Comparative Variables
In addition to evaluation of information concerning the study group of patients, we compared the recorded data from the 102 patients with the data from two equivalent groups of elderly patients with hip fractures who were treated without implementing any protocol in the same hospital. These groups were treated 2 year (period A: 57 females and 41 males; average age, 77 years) and 3 years (period B: 54 females and 42 males; average age, 79 years) prior to the use of the critical pathway protocol. These two periods represented equivalent periods of time with equivalent patient populations. The data was provided by Charter Community Hospital data center after matching the two groups' characteristics with the study population. There was no statistically significant difference among the groups compared (p < 0.05) and these two groups were similar to the study participants in age, sex, race, chronic condition, and type of fracture. There were no major changes in the population patient base being treated during the years under consideration. The research team were able to compare those available data from these two groups, which could be considered as sensitive indicators of quality of care within 12 months follow-up after surgery, including re-admission rate, mortality rate, complication rate, reoperation rate, and LOS.
Surgical Treatment
The surgical treatment of the hip fractures was accomplished according to the judgment and experience of the individual surgeon treating that particular patient. The types of treatment employed were: open reduction internal fixation (ORIF) with cannulated screws or Knowles pins, ORIF with dynamic hip screw (DHS), arthroplasty with Austin Moore prosthesis, unipolar arthroplasty, Leinbach arthroplasty, and bipolar arthroplasty. The operative techniques consisted of numerous surgical approaches including a small lateral incision for percutaneous cannulated screw fixation, standard lateral approach for insertion of a DHS compression screw-plate, and lateral and posterior approaches for hip arthrotomy for insertion of hip prostheses. In the cases of prosthetic insertion, cement may or may not have been used according to the individual desires of the treating surgeons.
Statistical Analyses
Statistical analyses were performed using IBM SPSS ver. 20.0 (IBM Co., Armonk, NY, USA). In addition to a descriptive analysis of all variables, bivariate analysis was conducted to determine the correlates of independent variables. At the descriptive level, the distribution and frequency of all items were examined. The chi-square test was performed to examine the association between independent variables and outcome variables. And a pvalue < 0.05 was considered statistically significant. Additionally, the chi-square test was used to match two study populations (in periods A and B) with the critical pathway population, to ensure there was no statistically significant difference among the groups compared (p < 0.05).
RESULTS
Of the initial 135 patients from 176 screened patients, 33 could not be located for final follow-up. The data of 102 patients were analyzed.
Study Variables
Type of fracture Out of the 102 hip fractures, 42 (41%) were femoral neck fractures and 60 (58%) were intertrochanteric hip fractures.
Type of surgery Fourteen patients had Austin-Moore arthroplasties, four had cannulated screw fixation, 41 had a DHS hip sliding screw device, 14 had a Leinbach arthroplasty, seven had a unipolar arthroplasty, and 13 patients had a bipolar arthroplasty. Thirty-eight patients were treated for femoral neck fractures, of which four patients (11%) had internal fixation, while 34 (89%) were treated with femoral head replacement. Fifty-five procedures were done for intertrochanteric hip fractures. Of the 55 procedures, 42 (75%) were internally fixed with DHS screw plates and 13 (25%) were treated with a Leinbach head neck replacements.
Ambulatory status
Prior to the occurrence of the hip fracture, 68 patients (67%) were independently ambulatory without aid, while 26 patients (25%) used a cane or walker and eight patients (8%) were nonambulatory. Post-fracture, 32 patients (31%) remained independently ambulatory, while 63 patients (62%) used a cane or walker at 1 year.
Living status Ninety-three patients (91%) were available for review. Preoperatively, 31 patients (33%) lived alone, 56 patients (60%) lived with their family, and six (7%) lived in a care facility, such as a nursing home. Postoperatively, 29 patients (31%) continued living alone, 53 patients (57%) continued to live with family, and 11 patients (12%) lived in a care facility.
Comparative Variables
Mortality rate Of the 102 patients who were followed for an average of 1 year postsurgery, nine deaths occurred, representing a 9% death rate. According to actuarial tables, this represents the expected average death rate for the normal population at age 79. Reported rates in the literature of 12% to 30%, [3] [4] [5] 7) corresponding to 2-to 4-fold increase in death rates in the elderly populations following hip fracture, were not evident in our study.
No increase in death rate over what would be expected for age was found. Four of these deaths occurred in the immediate postoperative period, while five occurred within the ensuing postoperative period. The mortality rate for period A and B was 8.3% and 9.1%, respectively.
Complications
The complication for patients treated using the critical pathway and those in period A and B was 28%, 27%, and 28%, respectively. These were mainly minor medical 
Readmission and reoperation rates
The rate of readmission and reoperation for the study patients was 3% and 1.4%, respectively. The respective rates were 2.6% and 3.1% for period A, and 3.1% and 1.6% for period B (Table 1) .
Length of stay Mean ± standard deviation LOS for patients in the critical pathway, period A, and period B, groups was 4.5 ± 0.5, 6.45 ± 0.7, and 7.15 ± 0.5 days, respectively, representing a statistically significance 30% decrease for the treatment group (p = 0.043). The majority of the patients in the three groups who were surgically and medically stable were discharged to a secondary care facility for continued physical therapy at a reduced expense compared to a much more expensive care received in our primary hospital. Thus, the decreased LOS was directly attributable to the institution of the critical care pathway.
Quality of Care
There were no statistically significant differences in complications, readmissions, mortality, and reoperations between the critical pathway, period A, and period B groups. From this limited perspective of the study, no statistical differences in quality markers were evident between the three groups. This makes sense as the same group of physicians cared for these patients.
DISCUSSION
It is widely accepted that surgical treatment of hip fractures is appropriate to insure the best possible outcome in a group of elderly patients. Previous studies on conservative hip fractures with methods like traction, casting, and bed rest have been shown to have high morbidity and mortality rates. [18] [19] [20] Despite aggressive interventional treatment, which has improved results, [21] [22] [23] [24] [25] most physicians continue to view hip fracture in the elderly population as a significant medical event that may herald the demise of many of these patients, further decreasing their quality of life. Developing and implementing comprehensive care pathways for elderly patients with a hip fracture could improve the quality of care and also reduce the related costs in the health care system. This study proposed and employed a comprehensive care pathway among 102 elderly patients with hip fractures. The patients were followed prospectively for specific markers of quality. Additionally, the findings of this study were compared with two equivalent groups (A and B) of senior hip fracture patients treated by the same group of surgeons who did the surgeries in the same manner without institution of any critical care pathway. Additionally, the post-discharge rehabilitation programs were tailored individually by the surgeon for each patient, based on patient age, medical condition (physical and mental), place of residence (e.g., home, skilled nursing facility, nursing home, rehab facility), and type of surgery. These postdischarge rehabilitation programs were not as a part of the introduced protocol.
Contrary to this commonly held gloomy point of view, the mortality rates did not increase above what would be predicted. This suggests that our intervention, both surgically and preoperatively, played a major role in preventing the increased mortality rate expected in similar patient populations in other studies. 18, [23] [24] [25] In addition to this finding we evaluated the quality of life post-fracture by evaluating differences in their Although this data suggests that many patients do not regain their previous independent ambulatory status, their quality of life is not significantly altered. We also found that our treatment allowed most of these patients to return to their prefracture living arrangements, which also enhanced their quality of life.
In regards to treatment of specific fracture pattern types, 90% of the patients with femoral neck fractures were treated with femoral head replacement. This pattern reflects the belief that due to the high incidence of nonunion and avascular necrosis in femoral neck fractures, femoral head replacement is the best way to achieve a consistently good surgical outcome and mobilize the patients earlier.
On the other hand, intertrochanteric femur fractures were predominantly treated with ORIF. This is also consistent with the belief that this fracture will heal appropriately and result in a good short and long term outcome.
In the elderly, treatment of hip fracture is costly. In an era when health care costs are an important issue in the American economy, it is important that medical providers develop and implement feasible care pathways to reduce the cost in the treatment of hip fracture. 26) One of the important drivers of hospital cost and resource utilization in patients with hip fracture is hospital stay. 27, 28) LOS is an important factor when considering the medical economics of hip fracture care, and reducing LOS is an important method to reduce hip fracture associated costs. Previous studies focused on identifying and modifying factors associated with LOS. However, to the best of our knowledge, no studies have introduced and implemented a care pathway with the aim of shortening LOS among elderly patients with hip fracture. 26, [29] [30] Presently, patients in the period A and B groups, who had a significantly longer LOS than those treated using the critical pathway, displayed an increased rate of efficiency in progressing through the initial perioperative period. This increased efficiency would translate to considerable savings in treatment costs.
A potential limitation of this study is the heterogeneity of study population, which could contribute to postoperative results after operation of the hip fractures. Also, since the data related to periods A and B were provided by Charter Community Hospital data center (after matching the two groups' characteristics with the study population), the study team did not have access to the detailed information of periods A and B, and were not able to present the comparison results between these groups with each parameter.
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